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Abstract 
In digitigrade and plantigrade species, the head of the talus distinctly appears which together with the 
glenoid cavity provided by the central bone also favor lateral movements, offering better adaptability. The essential 
differences are observed at the level of the metatarsal head, where carnivores and plantigrade animals have a dorsal 
hemispherical joint surface, completed by a real crest in the plantar side, delimiting two condyles separated by an 
intermediate crest. This is essential for the digitigrade and plantigrade type because when the limb takes contact with 
the ground, the joints hyperextension also occurs and a finger abduction movement, widening the support area. 
Keywords: autopodium, ground support, hindlimb. 
 
Introduction 
A crucial role in development and adaptation of species to the environmental conditions 
and survival strategies is the way the animal's body takes contact with the ground. The autopodium 
of mammals consists of three large regions, the basipodium, represented by the carpal and tarsal 
bones, the metapodium, consisting of metacarpal and metatarsal bones and the phalanges. 
If we talk about support and locomotion of them, in mammals there are three types of 
displacement: unguligrade, digitigrade and plantigrade types. 
In solipeds, ruminants and pigs, species which travel long distances, the contact with the 
ground is reduced to a small surface of the hoof, having an essential role in the efficient fast start 
and speeding up. 
Carnivores take contact on the sole faces of the phalanges, the contact surface with the 
ground is larger, but provides more accurate control of the movement. 
In primates, bears and the other plantigrade, the support is done throughout the entire 
autopodium, including phalanges, metapodium and basipodium. 
 
Materials and methods 
To identify the conformational features, each skeleton from the studied mammals were 
processed (horses, cows, pigs, dogs, cats, rabbits, nutrias and brown bears). After boiling and 
scraping off the adherent tissues, the bones were treated with hydrogen peroxide for about one 
hour. Description, identifying and highlighting the bones in those studied species were done by 
measuring and comparing the results with references to our own existing findings. In order to 
highlight these results pictures were taken, using an OLYMPUS 25 megapixels and 
 
Results and discussions 
The purpose of this research work is to point out the number of bones, bones disposition, 
articular surface together with their joint angles, resulting as an adaptation to the three types of 





In the three types of support on the ground in mammals, the autopodium appears to be 
varied in length, shape and structure, depending on the influence of each segment that offers 
support of the body weight. 
The basipodium, placed approximately mid-length at the unguligrade and far distal to the 
other categories, has the primary role of cushioning the pressure force that occurs during the leaps 
and extending the range of the limb movements in the plantigrade type. Therefore, both the thoracic 
and pelvic basipodium consist of two rows of short bones between which a central bone is place 
(Gheție et al. 1971, Coțofan et al. 1999, Spătaru 2002 and Spătaru 2009). 
 
 
Figure 1. The dorsal aspect of the pelvic autopodium in horse (left) 
T- tibia, M III– the third metatarsal bone, P1- first phalanx, P2 – second phalanx, P3- third phalanx, 
1-talus, 2 -calcaneus, 3-os cuboideum, 4 –os naviculare, 5 – os cuneiforme laterale, 
6 – os metatarsale IV, 7- caput os metatarsale III. 
Figure 2. The dorsal aspect of the tarsum in cattle (right) 
1- calcaneus, 2 - facies articularis malleolaris, 3- trochlea tali proximalis, 4- talus, 5- trochlea tali distalis, 6 
– os navicuboideum, 7- os cuneiforme intermediolaterale. 
 
In ruminants, the highest numerical reduction is found, five tarsal bones, the cuboid being 
welded with the central bone and the lateral cuneiform with the intermediate one (Figure 2). In 
solipeds, the number of tarsal bones is six by welding the intermediate cuneiform with the medial 
(Figure 1). Six we also encounter in leporids, the numerical reduction is due to the welding of the 
medial cuneiform at the proximal end of the second metatarsal bone, which thus presents a 
proximally directed prolongation (Figure 6). 
There are seven in the swine and in carnivores (which are digitigrade type) (Gheție et al. 
1971, Coțofan et al. 1999, Spătaru 2002 and Spătaru 2009) (Figure 3,4 and 5). In plantigrades of 
this research work, meaning the brown bear and the nutria, they have eight tarsal bones, because 
of the presence of four cuneiform bones (Hrițcu et al. 2000, Spătaru et al. 2008, Spătaru et al. 2014 
and Spătaru 2016) (Figure 7 and 8). A higher number of tarsal bones reflects the adaptation of the 
plantigrade support towards a better mobility (Riga et al. 2008 and Spătaru et al. 2010). The tarsal 
joint, in all species is specialized for predominantly monoaxial, flexion and extension movements 





joins the tibial cochlea. Talus is also involved in jointing between calcaneus and the central bone 
(Articulation talocalcaneocentralis) with the articular head which corresponds to the glenoid cavity 
provided by the central bone. In horses, the trochlea of the talus is obliquely dorsolaterally, the 
articular head of it being flattened, results a reduced mobility at the level of the 
talocalcaneocentralis joint. In ruminants and pigs, the talus provides two other trochlea (Figure 2 
and 3), the articular surfaces for the calcaneus and for the central bone which favours a type of 
motion produced predominantly as flexion and extension of the joint. In ruminants, for 
strengthening the region, the central and cuboid (fourth tarsal bone) bones merge into a massive 
centroquadrale bone (Gheție et al. 1971, Coțofan et al. 1999, Spătaru 2002 and Spătaru 2009). 
 
Figure 3. The dorsal aspect of the pelvic autopodium in pig (left) 
M – ossa metatarsalia, II-V- from the second to the fifth finger, 1-calcaneus, 2 - facies articularis malleolaris, 
3- trochlea tali proximalis, 4 –talus, 5- trochlea tali distalis, 6 - os naviculare, 7- os cuneiforme laterale, 8- 
os cuboideum. 
Figure 4. The dorsal aspect of the pelvic autopodium in dog (right) 
F- fibula, T- tibia, M – osmetatarsale,II-V- from the second to the fifth finger, P1- first phalanx, P2 – second 
phalanx,P3- third phalanx,1-calcaneus, 2 –talus, 3- osnaviculare, 4 – oscuboideum, 5 – oscuneiformelaterale, 




In digitigrade and plantigrade species, the head of the talus distinctly appears from the 
body through a true neck (Collum tali), which together with the glenoid cavity provided by the 
central bone also favor lateral movements, offering easy adaptability to the locomotor type of 
movements: flexion, extension, abduction and adduction (Figure 4, 5, 6, 7 and 8) (Gheție et al. 
1971, Coțofan et al. 1999, Spătaru 2002 and Spătaru 2009). 
In the case of the plantigrade species studied, the bear and the nutria, there was a 
reduction in length of the calcaneus, and a tendency towards a third surface in nutria. The 
Sustentaculum tali is prominent, and the coracoid process is flattened. If in unguligrades and 





calcaneus has a horizontal position during the ground support. Talus in plantigrade species has a 
shorter neck compared to digitigrades, with a slightly dorso-ventral obliquely trochlea from 
medially to laterally (Hrițcu et al. 2000, Spătaru et al. 2008, Spătaru et al. 2014 and Spătaru 2016). 
 
Figure 5. The dorsal aspect of the pelvic autopodium in cat (left) 
II-V- from the second to the fifth finger, 1-calcaneus, 2 –talus, 3- caput articulare os talus, 4 – os naviculare, 
5 – os cuboideum, 6 – os cuneiforme intermedium, 7- os cuneiforme laterale. 
Figure 6. The dorsal aspect of the pelvic autopodium in rabbit (right) 
M - metatarsal bone, II-V- from the second to the fifth finger, 
1- calcaneus, 2 –talus, 3- os naviculare, 4 – os cuboideum, 5 – os cuneiforme laterale, 




In the case of unguligrades and digitigrades, if compare the thoracic bazipodium jointing 
angle which is about 180°, with the tarsal articular angle that is about 150 ° -160 °, the last one 
favors the propulsion. In plantigrade, the angle is reduced to 90° in relation with the ground, 
favoring the control increasing of the autopodium movements (Gheție et al. 1971, Coțofan et al. 
1999, Spătaru 2002, Riga et al. 2008 and Spătaru 2009). 
In pentadactyl archetype, the pelvic metapodium is represented by five metatarsal bones, 
each of them being approximately equal in length. The digitigrades show a variation of number of 
metatarsal bones compared to the number of metacarpals. Thus, in carnivores there are four equal 
metatarsal bones in size and a rudimentary one for the first finger (Figure 4 and 5). In rabbits there 
are only four (Figure 6). Among the unguligrades, pigs have two large metatarsals (III and IV) and 
two small ones (II and V), the ruminant metatarsals III and IV are welded and the equines have 








Figure 7. The dorsal aspect of the tarsal and the metatarsal region together with the first phalanges of the 
brown bear (left) 
T- tibia, F- fibula, TB I -first tarsal bone, TB II – second tarsal bone, TB III – third tarsal bone, M1 – 
metatarsal bone 1, M5 – metatarsal bone 5, P1 – first phalanx, 1- talus, 2 – calcaneus, 3- os naviculare, 4 – 
os cuboideum, 5 – the fourth cuneiforme bone, 6- caput os metatarsale 
Figure 8. The dorsal aspect of the pelvic autopodium in nutria (right) 
F- fibula, T- tibia, M - metatarsal bone, I-V- from the first to the fifth finger, P1- first phalanx, P2 –second 




The pentadactyl archetype of the pelvic metapodium is preserved only in plantigrade that 
need a wider support base. There is a decreasing in length of the metapodium which is correlated 
with the type of support and locomotion in order starting with unguligrade, digitigrade and 
plantigrade (Gheție et al. 1971, Coțofan et al. 1999, Spătaru 2002 and Spătaru 2009). 
In the matter of metatarsal bones, the proximal joint surfaces are slightly convex and 
elongated dorsoplantar in digitigrades and plantigrades. In the latter case, the metatarsal bones 
describe an arch with a plantar-oriented concavity. They are compressed and attached to the 
proximal third of the region to become divergent distally, amplifying the support base of the body 
weight. 
The essential differences are observed at the level of the metatarsal head, where 
carnivores and plantigrade animals have a dorsal hemispherical joint surface, completed by a real 
crest in the plantar side, delimiting two condyles separated by an intermediate crest. This is 
essential for the digitigrades and plantigrades because of when the limb takes contact with the 
ground, the joints hyperextension also occurs and a finger abduction movement, widening the 
support area. Also, the abduction is only possible in the extension of the fingers when the proximal 





takes contact with the congruent surface of the articular head of the metatarsal bone, the joint allows 
for large movements, flexion-extension, laterality, but also with slight rotation capability (for 
adaptation to the ground irregularity) (Figure 4, 7 and 8) (Hrițcu et al. 2000, Spătaru et al. 2008, 
Spătaru et al. 2014 and Spătaru 2016). 
In ungulates, the joint surface consists of two condyles, with the convexity directed 
dorsoplantar, being separated by a median crest. The higher the width of the condyles and the more 
prominent is the crest, the possibilities for movement within the joint are limited to one axis 
(flexion and extension). This conformation gives to the movements at this level a high degree of 
precision, necessary in mammals for sprinting (especially equines, Figure 1) movements (Gheție 
et al. 1971, Coțofan et al. 1999, Spătaru 2002, Riga et al. 2008 and Spătaru 2009). 
The most important element in description and the interpretation of the autopodium is the 
number of fingers on which the body weight support is done. The pentadactyl archetype 
encountered in primates and other plantigrades is represented by five fingers. The only finger to 
which the regression is observed is the shortest first finger (I), and only two phalanges are 
encountered. The rest of fingers, named from medially to laterally II-V, are approximately equally 
developed, independent, very mobile and they can perform a large abduction, which increases the 
feet support of the body weight (Figure 7 and 8) (Gheție et al. 1971, Coțofan et al. 1999, Spătaru 
2002 and Spătaru 2009). For abduction of fingers in nutria, indispensable in aquatic locomotion is 
the presence of the interdigital membrane (Hrițcu et al. 2000). 
In unguligrades, the differences between the body weight, speed and distances travelled, 
determine slightly large differences between one species and another. 
In pigs, the support is done by on the two main axial fingers, the third and the fourth, the 
second and fifth fingers are shorter, taking only the support on the ground if is necessary, that is 
why they were called secondary fingers. The first finger is not present, losing its bone 
representation over the entire length of the autopodium (Figure 3). 
In ruminants, support is on the two main fingers, the third (III) and the fourth (IV), the 
first and second fingers disappear altogether. The vestigial of the second (II) and fifth (V) fingers 
appear in the form of two horn like capsule in the pastern region. 
In horses, the support is only on the distal end of the third finger (III), the second (II) and 
fourth fingers (IV) appear in rudimentary form, as spurs in the fetlock joint region, and fingers I 
and V no longer appear (Figure 1). 
The first (I) and the middle (II) phalanges are similar in form and conformation in all 
species, with obvious differences in length and anterior-posterior flattening at the forelimb and 
hindlimb. 
The third phalanx is the most morphologically distinct from one support type to another. 
Thus, in solipeds, the distal phalanx takes the form of a vertical half of cone, which presents a sole 
and a parietal surface. In the other unguligrade, ruminants and pigs, the third phalanx, takes the 
halved aspect of the one described in solipeds, with three sides, axial, abaxial and solar, with one 
dorsal edge (Figure 1 and 3). In digitigrades and plantigrades, the third phalanx becomes 
transversally flattened, taking the shape of the claw (Figure 4, 5, 6 and 8), the required supporting 
surface supplemented by the greater number of fingers placed in abduction movement position. On 
the sole surface (Facies solearis), all phalanges are covered by a protective tissue, the plantar 
cushion, which differs in structure and appearance from digitigrade to plantigrade and unguligrade. 
The distal phalanx is wholly covert in unguligrade by the hoof or partly by the claw in digitigrade 









The presence of the jointing head of the talus, in digitigrades and plantigrades, leads to 
better adaptability and increases the mobility of the entire tarsal articular complex. 
The pentadactyl archetypes preserved only in plantigrades that need a more extensive 
support base at both metapodium and acropodium levels. 
In plantigrades, the metatarsals bones are compressed, being in close contact in the 
proximal third, become divergent distally, amplifying the support base of the body weight. 
The greater the width of the condyles from the distal extremity of the metatarsum and the 
more prominent the crest which separates the condyles, the more movement possibilities within 
the joint are limited to the one axis (flexion and extension). 
The dorsal presence of the articular surface which resembles with an articular head at the 
distal extremity of the metatarsus in the plantigrade and digitigrade types, leads simultaneously to 
hyperextension and abduction of the fingers when taking contact with the ground, which means a 
widening of the support area and better motion control. 
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